The main aim of this paper is to present an easy to use methodology for assessing the potential amount of electricity or thermal energy production in urban areas located in natural protected sites. The methodology is based on two different steps: a territorial analysis for the evaluation of solar radiation and usable surfaces for photovoltaic or solar thermal plant, and a plant analysis for highlighting those photovoltaic and solar thermal technologies which installation will not generate significant impacts in areas characterized by high environmental and landscaping value. The methodology was successfully applied in two case studies inside two different Italian natural protected areas. The obtained results were provided to local administrations and communities as a useful tool for sustainable energy planning.
Introduction
Urban areas, representing the most energy consuming systems [1, 2] , have been identified as the focal point for apply the sustainable energy targets set by major international agreements [3] and European policies, such as Horizon 2020 (the EU Framework Programme for Research and Innovation) [4] , the Strategic Energy Technology Plan (SET Plan), the Smart Cities and CommunitiesEuropean innovation partnership, and the Covenant of Mayors, which are nowadays the most relevant European initiatives supporting the principles of smart cities.
Sustainable energy management within urban agglomerates is unanimously considered one of the crucial elements for achieving a continuous improvement of energy efficiency during the following years. Moreover, according to the last European directives, new targets have been defined for increasing the percentage of energy production from renewable energy sources, trying to approach the zero-carbon goal.
On the other hand, each renewable energy sources has its own constraints and potential impacts, which in many cases limit or reduce its application in urban areas or in the middle of a natural protected area, characterized by high interrelation of human and natural factors.
Consequentially, urban areas inside protected sites can be considered as places where the use of renewable energy sources is at the same time advised and difficult to achieve. In the light of these short considerations, this paper describes a methodology for the assessment of potential solar energy contribution, in order to optimize sustainable energy balance of urban areas in protected sites.
The research work briefly described in this paper come from SoURCE "Sustainable Urban Cells" Bilateral Project of the Executive Programme on Scientific and In particular, among the various topics covered by SoURCE project, this paper highlights the results obtained in the field of solar energy use in urban areas.
Therefore, in order to optimize the energy balance of urban areas, the output of this paper should be considered together with the other topics and methodologies elaborated during the project, regarding above all the reduction of energy consumptions using innovative technologies integrated into the built form as well as the assessment of the potential use of other renewable energy sources [5] .
Methods
This paragraph aims to describe an easy to use methodology for assessing solar energy amount of urban areas in natural protected sites, highlighting those strategies able to minimize environmental and landscaping impacts on the surrounding zone.
The methodology foresees that each data gathered according with the methods described in the following subparagraphs, must be recorded in a GIS (Geographic Information index) software for the elaboration of a local database, in order to collect the obtained results in a database containing queried digital maps.
Territorial Analysis
In order to assess the potential use of solar energy source, the first step was to evaluate solar radiation data of the analyzed area, considering solar radiation on the horizontal plan (kWh/m 2 ). This first energy amount does not depend on the human interventions realized in the area (e.g. buildings, facilities), and corresponds to its maximum potentially exploitable solar energy source on the base of the particular climatic and geographical conditions of that zone.
The second step involves a detailed territorial analysis for the identification of all the surfaces where it will be possible to install photovoltaic plants, considering preferentially the one integrated in the top of the buildings, gathering for each roof the approximate angle of slope and the cardinal point where it is facing. In addition, the usable surface of each roof is calculated using GIS software and satellite photographs.
This calculation must not include surfaces on the top of the buildings under a particular constraint or condition which makes unfeasible the installation of any photovoltaic cell or thermal plant, such as roofs of churches or other historical buildings.
Moreover, should be considered any surface on the ground where it will be possible to install a photovoltaic plant, discarding all the areas shaded or subjected to landscaping or environmental constraints.
Is it now possible to quantify the usable surface for a possible installation of thermal or photovoltaic plants of any analyzed area.
This usable surface is usually under the 1% of the whole analyzed area in sites with high environmental or landscaping value such as National or Regional Parks.
Plant Types Choice
Starting from these two data obtained from the territorial analysis (solar radiation and m 2 of usable surface for solar plants), it will be possible to evaluate the potential amount of electricity or thermal energy production on the analyzed area using photovoltaic or solar thermal plants. Obviously this final electricity or thermal energy amount will change according with the selected photovoltaic or thermal plant technologies.
On the other hand, as mentioned in the introduction, the plant choice should be pondered considering also the potential impact which a photovoltaic and a thermal plant could generate in terms of landscaping or environmental alterations. Therefore, answering a specific request of the Italian Ministry for the Environment Land and Sea Protection for increasing energy sustainability of urban areas inside natural protected sites, DIAEE Department of Sapienza University elaborated an ad hoc methodology to quantify the environmental impacts of any different plant typologies, in order to provide the Ministry with clear guidelines for developing innovative methods and strategies to bring energy sustainability and environmental quality into protected areas.
Consequentially DIAEE drew up a technical data sheet for each photovoltaic and solar thermal technology, as well as for other renewable energy sources, in order to evaluate, by means of special equations and matrices [6] , the applicability of each technology in natural protected area. Figure 1 shows as example the technical data sheet for a photovoltaic plant grid connected with amorphous silicon modules of low/medium power.
At this step, considering the average data came out from the analysis of all the acceptable photovoltaic and solar thermal technologies, is it easily possible to assess the potential electricity or thermal energy production in any analyzed area [7] .
In particolar, the potential electricity or thermal energy production of an analyzed area (kWh/year) is obtained multiplying the usable surface for plants (m 2 ) for the average photovoltaic or thermal energy productivity in the same area (kWh/m 2 year), that obviously depends on the solar radiation value of the zone.
Before this last step, we need to choose which percentage of usable surface we would devote to photovoltaic plants and which percentage we would devote to solar thermal plants.
This choice could be made taking into account the availability of other renewable energy sources in the sur rounding area, such as biomasses (thermal energy) or significant wind regime for micro wind energy plants (electricity).
This because the overall objective is to achieve a complete energy autonomy of small cities inside natural protected area, using renewable energy sources, smart grids as well as strategies and 
Results

The Case Study of Trevignano Romano in
Bracciano-Martignano Regional Park
The methodology described in the above paragraph has been applied in two pilot Italian urban areas (Trevignano Romano and Sabaudia) in order to test its real feasibility.
The urban area of Trevignano Romano, inside the Regional Park of Bracciano-Martignano, was subdivided into four urban cells where the above mention methodology was applied for the assessment of potential solar energy use.
During these case studies, the analyzed urban areas have been reshaped using SoURCE approach [8] , trough the identification of a minimum core of the larger city's model, conventionally called "urban cell".
Moreover, some practical solutions and strategies able to influence the environmental performance of building were pinpointed starting from an analysis of service building and facilities [9] .
Moreover, it was decided to assess a final sustainable energy balance between energy production from solar source and energy consumptions. Therefore the electricity and heating expenditures of these areas were assessed, and were consequentially identified some interventions and technologies for the reduction of these consumptions, such as the replace of the casing of windows and energy retrofit of HVAC (Heating, Ventilation and Air Conditioning). Table 2 presents the potential electricity using these surfaces only for photovoltaic plants, and Table 3 shows the resulting energy balance.
The Case Study of Sabaudia in Circeo
National Park Figures 2 and 3 show respectively a spatial representation of thermal and electric consumption data collected in a urban cell of Trevignano Romano.
The results obtained in the case study of Sabaudia shows that this territory is suitable for four ground photovoltaic systems of great power. Therefore, it was hypothesized only 1 kW of photovoltaic in each useful roof of residential building. On the other hand, it was hypothesized a 4.2 m 2 solar thermal system on each roof of the villas. Table 4 shows the usable surfaces devoted to photovoltaic and solar thermal plants in the ten urban cells of Sabaudia, while Table 5 represents their final energy balance.
Conclusions
These results could be integrated with similar analysis for other typologies of renewable energy source. Consequentially it is possible to assess an optimized energy balance for a selected urban area, evaluating the potential reduction of energy expenditures and CO 2 emissions. Lastly, the obtained amounts of electricity and thermal energy production from solar source in each analyzed area represent useful results to disseminate to local administrations for helping them in the planning of energy management in their territories. This approach was successfully realized with Trevignano Romano Municipalities during and after the elaboration of the case study, providing decision makers and local assessors with the elaborated GIS database of their jurisdiction area.
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